This is a personal and admittedly US-centric attempt to summarize the foundational impact of the Pisa CDF Group on the conceptual design, construction, and early operation of the CDF Detector at Fermilab. I have tried to go back to original documents where possible.
The Impact of Pisa: Three Themes
The formation and operation at Fermilab of the Collider Detector Facility, as it was initially named spanned the development of the modern picture of particle physics. Here I focus on three themes to discuss the impact of the Pisa/Frascati group. Harder to quantify, but most important, is the force of the senior Pisa members towards the goal of a building an innovative world-class detector in a chaotic and unfunded context, described here at the outset. The three themes of the talk are:
1. The leadership role of Pisa in the innovative designs of the CDF tracking and calorimeter systems, and the subsequent construction. 2. The seminal development of precision mass measurements at hadron colliders using a magnetic spectrometer with precise tracking followed by projective calorimetry (aka 'E/p', where 'E' is the calorimeter energy measurement and 'p' is the tracking momentum measurement). In addition, Pisa played an essential role in leadership, management, and drive. CDF was a wonderful experience, and among the many wonderful groups, if I had to single out one that made the largest contribution to the exceptionally high standards, creativity, technical know-how, and collegiality of CDF, it would be Pisa. Figure 2 shows a CDF event display of a beams-eye view of a pair of top quarks decaying into W-bosons and b-quark jets. The Pisa group made key contributions to the sophisticated trigger system that selected the event for recording, to the calorimeters that measured the (missing) transverse momentum carried off by the neutrino in the leptonic decay of a W boson, and the silicon vertex detector that allowed identification of the b-quarks, which are an essential part of the signature of top quark production and decay.
Figure 2: A beams-eye view of a a pair of top quarks decaying into Wbosons and b-quark jets. The combination of a precise measurement of track momentum followed by a sign-independent measurement of the energy deposited pioneered high-precision measurements in complex events at hadron colliders.
The Path to Precision Electroweak and Flavor Physics at Hadron Colliders
The founding of CDF was followed by a remarkable evolution in sophistication and precision of detectors and techniques at the hadron colliders at Fermilab and CERN since the pioneering experiments at the ISR and SppS. Pisa played a crucial leadership role in this evolution.
The following steps and the initial context provide an outline for my talk. Understanding the intellectual and political context is essential to appreciating the intellectual and collaborative role of the Pisa/Frascatti group in the ultimate success of the Tevatron Collider program. The title page of a seminal paper from the summer of 1971 by Bjorken, Berman, and Kogut that still reads remarkably well is shown in Figure 3 . The title is 'Inclusive Processes at High Transverse Momentum'; the paper describes scattering, lepton pair production, and W and Z production, and to a large extent still describes the main thrust in HEP today. Berman, and J. Kogut that lays out the landscape of hadron collider physics: parton-parton scattering, Drell-Yan annihilation, and W/Z boson production. This was the physics in which CDF was founded to explore and discover.
The left-hand panel of Figure 4 shows the prevailing view of particle production from that era, which was an extrapolation from low P T of an exponential, typically quoted as e −6P T , and their predicted power law deviations above the prediction.
Presciently, Jim Cronin and Pierre Piroué submitted a proposal to Fermilab in 1970 to measure the spectrum of inclusive particle production at high P T : electrons, muons, identified hadrons (pi, K, and proton and their antiparticles), as well as short-lived new particles. This was approved and became experiment E100, in the Proton Lab.
The right-hand panel of Figure 4 shows the first results on inclusive hadron production at high P T at Fermilab by E100, showing the clear de- Figure 4 : Left: Predictions of high-P T particle spectra from parton-parton scattering from the 1971 paper of Berman, Bjorken, and Kogut. The later designs of the CDF calorimeter tower geometry and calorimetric trigger were influenced by the single particle measurements at CERN and Fermilab as the properties of jets were still hotly debated at the time of the start of CDF. Right: The first measurements of inclusive hadron production at high P T at Fermilab by the Fermilab Experiment E100, with Jim Cronin and Pierre Piroué as spokesman. Cronin later become Head of the Collider Detector Department, preceding the CDF Technical Design Report and later proposal.
viation from the naive exponential prediction, and, strikingly, the energydependence of the cross-section at high P T . However, due to delays in bringing the Fermilab machine online, the CERN ISR collider beat us to the punch, sadly, and barely.
However the interpretation of the 'excess' and energy-dependence of high-P T particle production as two-body parton scattering was not yet agreed on. Figure 5 shows a telegram from Feynman to Rick Field after Feynman and Cronin talked about the high P T particle production results in France. The telegram is excited, frankly, about the observation of parton scattering, with its consequent 1/P 4 T dependence, followed by parton fragmentation to give the observed 1/P 8 T at Fermilab. 
The Chaotic Start of a Collider Program at Fermilab
With the initiatives of Rubbia and others at CERN the pressure grew on Fermilab toward a collider. Bob Wilson appointed Jim Cronin as Head of a new department, the Fermilab Colliding Beam Department. Cronin started a design for the detector, and started some basic measurements of particle flux in the MR tunnel. Figure 7 is from the memo announcing the start of the Department. Unfortunately a rational approach didn't work at Fermilab, partly because of Federal HEP funding priorities, partly because of personnel, and partly because of organizational structure. Figure 8 shows the announcement of Cronin's resignation.
Some background is in order to understand the chaotic situation and the impact the international collaborators from Pisa/Frascati and Japan had in fashioning a successful program out of the initial conditions. The Main Ring (MR) accelerator was not well-suited as a collider. With remarkable foresight Wilson had made provisions for the superconducting Tevatron ring in the tunnel, mounted below the MR. However, there were a number of Figure 10 illuminates the lack of consensus on what to do. Among the options for the accelerator were colliding the Main Ring with the Argonne ZGS (yes, really) for proton-proton collisions. The estimates of achievable luminosities for several of the options disagreed by orders-of-magnitude. The options for the detector were equally all over the map; one proposal had a detector in a pit barely big enough to hold it, but on cables so that it could be raised for access.
Figure 10: The minutes of a 1978 CDF meeting discussing the options for the accelerator itself ("pp,pp in MR,pp in Doubler, etc.". The words "A very lively discussion followed" are a diplomatic way of saying that it was a mess, with many competing options and unsupported claims of luminosities, schedules, and costs. Note the last sentence and the three groups. That a technically sound and exceptionally successful solution came out of the chaos was due to a number of remarkable people and the very strong staff and attitude at the Lab. Key elements were Wilson's plans for a superconducting ring in the MR tunnel, Alvin Tollestrup's solutions to the superconducting magnet problems, and John People's leadership of the pbar source. Figure 12 shows the current Fermilab facility, including the Recycler storage ring for which Bill Foster played an essential role. 
The Technical Design Report (TDR)
Design and even construction of the Collider Detector Facility, as it was initially named, started before a proposal had been written 1 . Instead, the Collaboration wrote a Technical Design Report (TDR), released in August of 1981 [1] . Figure 16 shows the cover, with its logo of the projective calorimeter towers put forward by the Pisa group. 
Projective Hadron Calorimetry: Pisa and Frascatti
A very strong contingent from Pisa and Frascatti, in collaboration with Argonne, Fermilab, Purdue, Urbana, and other institutions, led the adoption and design of the (largely) hermetic calorimeters based on a projective tower geometry of uniform segmentation in rapidity and polar angle. Transporting the light out of the calorimeter to the photomultipliers outside was a tour-deforce, both in design and implementation. The left-hand panel of Figure 18 shows Franco Cervelli and Aldo Menzione working on hadron calorimeter modules. The right-hand panel shows a prototype of one of the four 'arches' of modules being assembled at Argonne 2 . The ability to trigger on displaced vertices, seemingly impossible when we first contemplated the collider, was brilliantly implemented by Luciano Ristori and the Pisa group (Chicago collaborated on the hardware). The precision, data rate, and necessary monitoring/control were a large step beyond the state-of-the-art. Figure 21 (Left) shows a 'cartoon' of the operating principles; the installation, driven by over 100 optical fibers running at 1.4 Gbits/sec, is shown on the right. 
Summary
The period discussed here spans the development of precision measurements at hadron colliders and the parton model. The Pisa/Frascatti group's contributions to CDF have set the standards for collider programs at the 'Energy Frontier': the precision spectrometer consisting of precision tracking back to the vertex with a silicon vertex detector followed by projective segmented calorimeters, and using a trigger on displaced vertices. The combined tracking and calorimeter systems that the group contributed so much to allowed precision calibration of both systems through the 'E/p' method, now a standard (as are so many of the innovations from CDF) at the LHC. The work of Aldo Menzione on the SVX and Luciano Ristori were honored with the Panofsky Prize of the American Physical Society. Figure 22 gives the citations. Recognition of the importance of the entire group has been recognized by the continued election of Pisa physicists to the leadership of the Collaboration.
In summary, this was a remarkable group of wonderful physicists and people. It was an honor and pleasure to work closely with them; the leadership and exceptionally high intellectual standard was key to the successes of CDF.
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